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With a PIC 
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You don't need special ICs when a capacitive (or ‘touch’) switch can also be 


realised with an inexpensive PIC controller. This article shows how it’s done. 


Over the past few years several manufactur- 
ers have come up with special integrated cir- 
cuits for touch control switches. These ICs 
usually operate on the principle of capacitive 
change, work perfectly but are hard to obtain 
as well as relatively expensive. Fortunately, a 
capacitive switch may also be realised using 
‘traditional’ means, i.e., a little physics anda 
microcontroller. 


The human body 


may act as one plate of a capacitor, with the 
other plate formed by a coin soldered onto a 
copper plane. The principle is illustrated in 
Figure 1. Assuming the coin has a surface 
area of 3.2 cm2 and is placed at a distance of 
4 mm (using an acrylic plastic disc as a 
spacer) and a dielectric constant of 8, a theo- 
retical capacitance of 8 pF is obtained, or 2- 
3 pF when the pad is not touched. 

A second capacitor (C2) is charged via two 
resistors. In reality, the three switches are 
microcontroller port lines with GP1/GP2 rep- 
resenting signal ‘A’ and GPO, signal ‘B’. 

The measurement comprises the closing of 
the two switches for 2 Us using signal ‘B’. The 
2-Us period allows capacitor C1 to almost 
fully charge via R1. A very small portion of 
the charge (the amount is negligible) also 
flows to ground via R2. Next the two 
switches are opened and C1 is allowed to 
charge C2. As soon as the voltage on C2 
exceeds a certain level (here, about 0.7 V) the 
measurement is finished. Signal ‘B’ disap- 
pears and C2 is discharged. This marks the 
return of the measurement cycle to its start 
state. The number of iterations it takes to 
fully charge the second capacitor is counted 
— it’s as simple as that. 

The simultaneous charging and discharg- 
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ing of C2 may appear a bit of a con- 
tradiction. However, a small portion 
of the charge in C2 is also lost, 
because the switches are open much 
longer than closed. 


The smart button 


Ideally, about 20,000 cycles are 
required to enable C2 to be charged 
by the user’s finger. Consequently a 
measurement takes about 50 ms. As 
soon as the software has recognised 
a ‘key press’ action on GP3, output 
GP4 is pulled Low, causing the indi- 
cator LED to light up. At the same 
time, the number of cycles for each 





measurement is output via pin GP5. 
An oscilloscope or a pulse counter 
connected to GP5 will clearly indi- 
cate the approach of the finger. 

As you can see from the circuit 
diagram in Figure 2, the microcon- 
troller used is a cheap and easy to 
obtain type PIC12C508 which has 
512 bytes of memory. If you happen 
to have a ‘509 lying around (with 
1024 bytes) it can be used also. The 
R-C oscillator inside the PIC operates 
at about 4 MHz. 

The printed circuit board shown 
n Figure 3 is single-sided. Normally 
the copper plane on the board is suf- 
ficient for reliable operation. In cases 
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Free Downloads 


->- PIC source code for use with Microchip 
mee LERENI MPLAB assembler. 
oo File number: 030214-11.zip 


PCB layout in PDF format. 






nae File number: 030214-I.zip 
| www.elektor-electronics.co.uk/dl/dl.htm, 
1 eae select month of publication. 
a ee Keene el <j-- 
030214 - 12 COMPONENTS LIST 
Figure |. Principle of operation. Resistors: 


RI,R6 = 10kQ (SMD shape 0805) 
R2,R3,R4 = 100kQ (SMD shape 0805) 
R5 = IkQ (SMD shape 0805) 

R7 = 470Q (SMD shape 0805) 


Capacitors: 
Cl = 470nF (SMD shape | 206) 
C2 = 100nF (SMD shape 0805) 


i 
© Semiconductors: 
GP3/MCLR GPO DI = Chip LED, red, (SMD shape 0805) 
IC1 0302 TI = BC847 (SOT23 case) 
GP4/01 GRI ICI = PICI2C508A04/SO8, programmed, 
SIG PIC12C50X 


DIGO GP5/01/CL GP2/T order code 030214-4 1 


+5V 


GND Miscellaneous: 


KI = 4-way mini PCB terminal block, lead 
pitch 2.5mm 

PAD = sensor area (see text) 

PCB, order code 030214-1 

Disk, PIC source code file, order code 
030214-11 or Free Download 





Figure 2. Circuit diagram of the Touch-controlled Switch. 


where higher sensitivity is required, tion features offered by a PIC. be reduced to 0.1-0.2 mA without problems. 

the surface area may be increased. Because a measurement takes only The circuit is made relatively immune to 
The circuit is capable of adaptive 50 ms and it is sufficient to constant external RF signals by the software 

operation. This means that the trig- do measurement every varying the speed of signal ‘A’ to some extent. 











ger point is shifted (within limits) to 500 ms, the controller (030214-1) 


compensate for effects like dirt on could be ‘asleep’ 
the touch pad. Only relatively fast most of the time. 
capacitive changes are recognised The upshot is that 
as valid actions. Also, the fact that the average cur- 


the measurement is completely done rent con- 
in software can be exploited by mak- sumption of 
ing clever use of the energy reduc- the circuit can 
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Figure 3. Copper track layout and component mounting plan of the tiny PCB 
designed for the circuit. 
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